Two experiments with 49 crossbred pigs were conducted to examine the effects of age and weaning system on various indicators of digestive development and capacity. In Exp. 1, pigs reared exclusively by the sow with no access to creep feed were killed at 1, 8, 16 and 22 d of age. Other pigs, weaned at 16 d of age to a milk protein diet fed either in dry or liquid form, were killed at 22 d of age. In Exp. 2, pigs were reared exclusively by the sow and killed at 14, 17 and 21 d of age. All data are expressed as units per kilogram body weight. The pH of stomach contents increased during the first week of age. Stomach pH was higher in weaned pigs than in sow-reared pigs at 22 d of age. Sow-reared pigs showed little change with age in amount of stomach contents. Intestinal length tended to decrease with age. Intestinal weight per unit length increased with age and was higher in weaned pigs. Weaned pigs had a larger pancreas than pigs reared by the sow. In Exp. 1, proteolytic activity of stomach contents decreased with age until 22 d when an increase in activity occurred. The activity in weaned pigs was greater than that in sow-reared pigs. Intestinal trypsin activity increased at 22 d of age and was higher in weaned pigs. Intrapancreatic trypsin activity increased from 1 to 8 d of age, after which there was little change. Less activity was found in the pancreas 
Introduction
One of the major problems in the early weaning of pigs is the poor performance during the period of transition from a liquid diet, provided every 60 to 90 min by the sow, to a dry diet, provided ad libitum. This period of poor performance is characterized by loss of weight, low feed intake and diarrhea (Okai et al., 1976; Rivera et al., 1978; Kornegay et al., 1979; Lecce et al., 1979; Armstrong and Clawson, 1980) .
To formulate effective diets for successful early weaned pigs, it is important to know as much as possible about the physiological aspects of the pig's digestive system, including any changes in digestive capacity that may occur with age and(or) weaning. Manners (1976) suggested that one must be prepared for some derangement of the digestive processes in the period after weaning and must not assume that the normal processes of digestive development will proceed unhindered in early-weaned pigs.
Successful early weaning (Lecce et al., 1979) and a minimal stress farrowing system (W. D. Armstrong, E. E. Jones and J. G. Lecce, unpublished data) have been previously described. These systems provide a means by 1380 JOURNAL OF ANIMAL SCIENCE, Vol. 55, No. 6, 1982 which to study digestive physiology and nutritional problems under conditions that minimize stress. This study was conducted to determine the effects of age and weaning system on development and capacity of the pig's digestive system under such conditions.
Materials and Methods
Source of Pigs. All pigs were attendantfarrowed in a sanitary, isolated, intensivecare farrowing house. The house was thoroughly cleaned and fumigated between each farrowing. Each sow was washed carefully before entering the house, and was rinsed with disinfectant twice daily thereafter until she farrowed. The farrowing crates were elevated 36 cm above a concrete floor and had plastisolcoated, expanded metal floors. All excreta was removed from the farrowing crate and the house by washing three times daily. During farrowing, each pig was caught in a sanitary pan and dried, and normal management proccesses were performed (ear notched, cord treated and teeth dipped). Each litter was then returned to the sow, smaller pigs first, and assisted in nursing to ensure that all pigs received adequate colostrum. Room temperature was maintained at 23 to 25 C, with supplemental heat (heat lamps) provided for the young pigs. This system was designed to minimize baby pig mortality by reducing stress and microbial contamination, thus producing "minimally stressed" pigs. or dry feed for 2 h and then returned to nurse or eat for 1 h in order to standardize time after last meal. This practice was not followed for the LIQ pigs because they were already being fed hourly. All pigs were killed within I h after the nursing or eating period, because it has been reported that intestinal enzyme activity reaches a maximum by 45 min after feeding (Braude et al., 1970) .
Exp. 2. Eighteen crossbred pigs from six
litters were assigned to the different treatments at 12 d of age on the basis of litter and 12-d weights. The pigs, reared on the sow with no access to creep feed, were used to monitor more closely the age effects of digestive development observed in the first experiment. Groups of six pigs were killed at 14, 17 and 21 d. The pigs were farrowed and treated as in Exp. 1.
Sample Collection. All pigs were killed by iv injection of appropriate doses of T-61 Euthanasia ~ followed by bleeding. Duodenal reflux was minimized by tying off the stomach as soon as possible. The pancreas was removed immediately, cleaned of extraneous tissues, weighed and placed on ice. The stomach and small intestine were isolated and their contents collected and placed on ice. The entire small intestine was also rinsed with 20 ml of .15 M NaC1, which was also collected. The small intestine, free of mesentery, was measured and weighed. After pH measurements were taken, the stomach ingesta was diluted to a known volume with .001 N HC1 and homogenized for 15 s in a Servall .65
aHO-MILC 12-50, 12% protein from whey and casein, 50% choice white grease, co-dried product (Merrick Foods, Union Center, Wl).
bGrade A, nonfat dry milk, low heat, spraydried, 35% protein, $2% lactose (Bessiere and Co., Richmond, VA).
CThe mineral and vitamin premixes provided amounts in excess of NRC (1979) recommendations. gThere was a linear effect of age with the 1 -, 8-, 16-and 22 -d -old SOW pigs (P<.01).
Omnimixer 7. The homogenate was then centrifuged at 0C for 10 min at 27,000 • g, filtered at 4 C, subdivided into portions, frozen and stored at -10C. The small intestinal contents were diluted to a known volume with .15 M NaCI and processed in the same manner as the stomach contents. The pancreas was homogenized for 30 s in 10 times its weight (v/w) with .15 M NaC1 and processed in the same way as the stomach contents.
Enzyme Analysis. Total proteolytic activity in gastric contents was measured by a modified version of the Anson procedure (Anson, 1938) , with hemoglobin used as the substrate. Trypsin and chymotrypsin activities in the intestinal thyme were measured by modifications of the procedures as described by Nitsan and Liener (1976) , with N-~-benzoyl-DLarginine -p -nitro -aniUde (Erlanger et al., 1961) and N -glutaryl-L-phenyl~lanine -p -nitroanilide (Erlanger et al., 1966) used as the respective substrates. The zymogens of the pancreatic homogenates were activated by a procedure described by Glazer et al. (1977) . Following activation of the zymogens, trypsin and chymotrypsin activities in pancreatic homogenates were measured by the same procedures used for intestinal samples. Enzyme activities were expressed in units of activity, where one unit was defined as the amount Dupont Co., Newtown, CT.
of product released by 1 mg of enzyme standard in a given time interval.
Statistical Analysis. Both experiments were designed as randomized complete blocks. Data were analyzed by least-squares analysis of variance, with a two-way dassifieation used to detect significant differences (SAS, 1979) . In both experiments, the effects of treatment were analyzed with treatment, litter and treatment x litter as the independent variables in the model. The linear effects of age were also examined in both experiments. Individual treatment differences were also tested by the SAS (1979) program. All results in both experiments are expressed in units per kilogram body weight unless otherwise specified. figure 1A ; combined pancreatic and intestinal content activities) doubled (P<.05) during the first 8 d of age and then increased gradually until 22 d of age. At all ages, more than 97% of the trypsin activity was found within the pancreas in sow-reared pigs. Total trypsin activity in LIQ pigs was lower (P<.05) than that in SOW pigs, and a smaller proportion (69%) of total activity was contributed by the pancreas. Pigs weaned to the DRY diet tended to have TOTAL CHYMOTRYPS1N d Figure 1 . Effects of age and weaning treatment on total trypsin (A) and chymotrypsin (B) activities, Exp. 1. The S represents sow-reared pigs; D and L represent pigs weaned at 16 d of age to a milk based diet fed either dry ad libitum or liquid hourly, respeetively, a,b,cMeans bearing a different superscript differ (P<.05). dTotal activity represents a combination of pancreatic and small intestinal content activities; activity is expressed in units, where a unit is defined as the amount of product released by 1 mg of enzyme standard; percentages represent pancreatic contribution to total activity. less total trypsin activity than SOW pigs, and less activity (76%) was in the pancreas.
Results

Exp
Intestinal chymotrypsin activity ( figure 1B ) increased with age in SOW pigs, with the largest increase occurring during the first 8 d. Throughout the trial, more than 86% of the activity was found in the pancreas in SOW pigs; a lower percentage of total activity was found in the pancreas in both the LIQ (60%) and DRY (65%) pigs. There was a tendency toward less totai chymotrypsin activity in the LIQ and DRY pigs than in the 22-d-old SOW pigs.
Exp. 2. Data on body weight, stomach
pH, stomach contents, intestinal weight, intestinal length, intestinal weight per unit length and pancreas weight were similar to those obtained for animals of comparable ages in Exp. 1 (table 4) . There was a significant linear effect due to age for body weight and intestinal weight per unit length. There were aAll activities are expressed in units/kg body weight, where one unit of activity is defined as the amount of product released by 1 mg of enzyme standard.
bstandard error of the mean, SD/~/-n. cd 9 ' Means m the same row bearing a different superscript differ (P<.0$). eTotal activity represents a combination of pancreatic and small intestinal content activities. fThere was a linear effect of age (P<.01).
no differences (P>.05) in the other traits due to age.
Gastric proteolytic activity (table 5) did not change with age. Amount of proteolytic activity in the stomach contents varied greatly among pigs of the same age (coefficient of variation, 66.2%). Intestinal trypsin activity (table 5) remained low until 17 d of age, after which an increase (P<.05)was observed. Trypsin activity in the pancreas increased with age. Total trypsin activity (table $) increased with age, and a higher percentage of the activity was contributed by the pancreas (89+%). There was a significant linear effect for intestinal, pancreatic and total trypsin activity.
Chymotrypsin activity in the intestine (table 5) did not change with age, but pancreatic chymotrypsin activity (table 5) tended to increase with age (significant linear effect). Total chymotrypsin activity (table 5) also tended to increase with age (significant linear effect), and the pancreas contributed a high percentage (76 + %) of this activity.
Discussion
In Exp. 1, we found that 1-d-old pigs had the ability to acidify their stomach contents to pH 2 when raised in the sanitary environment described. Cranwell (1974) also observed that young pigs had the ability to secrete HCI and to acidify their stomach contents. He suggested that there is a relationship between age when gastric acid secretion begins and cleanliness of the environment. Cranwell (1976) suggested that acid secretion is absent or reduced when lactic acid is produced by fermentative activity in the stomach. In our study, the pH of gastric contents of pigs weaned to both artificial diets was higher than that of pigs reared by the sow. This observation could have been because of a greater feed intake by the weaned animals than by, the sow-reared pigs before being killed. This possibility is supported by the amounts of stomach contents in the different groups. Thus, the acid secreting capacity of the weaned pigs may not have been sufficient to acidify this greater stomach content. Also, the buffering capacity of the artificial diets may have differed from that of sow's milk and thus contributed to the pH differences observed.
Intestinal weight per unit length and pancreas weight increased in weaned pigs. Similar results for development of the pancreas were reported by Corring et al. (1978) , who found that changes in diet composition caused an increase in weight of the pancreas in young pigs. However, the increased growth of the pancreas that we observed was not accompanied by increased total enzyme production.
Proteolytic activity in gastric contents of suckling pigs tended to decrease with increasing age until 16 to 22 d when an increase was observed. This increase was more pro-nounced and statisticaUy significant in weaned pigs. Decuypere et al. (1978) observed a similar pattern of proteolytic activity when they compared sow-reared pigs to pigs weaned to a dry diet formulated from cow's milk. They reported that little proteolytic activity occurred in sow-reared pigs until 2 to 3 wk of age, when a rapid increase, which was even more pronounced than that in artificially reared pigs, was observed. In our study, the increased proteolytic activity after weaning was also accompanied by a higher pH of stomach contents, which may have resulted in less enzymatic breakdown of the dietary protein. This theory is supported by the fact that the pepsins have two pH optima, one near 2.0 and the other about 3.5 (Kidder and Manners, 1978) and both are below the pH values observed in this study for the weaned pigs.
Activities of trypsin and chymotrypsin in the intestinal contents showed similar patterns of development. Both enzymes increased between 16 and 22 d of age in suckled pigs. Weaning pigs to both artificial treatments produced even greater increases in activities. Hartman et al. (1961) also observed greater protease activity in the intestinal contents of weaned pigs than sow-reared pigs, but pancreatic protease activity was observed to be higher in sow-reared pigs. Our results support these findings, because pigs weaned to the LIQ and DRY diets displayed less pancreatic trypsin and chymotrypsin activity than SOW pigs of the same age. Throughout the trial, most of the trypsin and chymotrypsin activities in SOW pigs were found in the pancreas, but weaned pigs had lower percentages of the total activities in the pancreas. These observations suggest that weaning resulted in increases in secretion of trypsin and chymotrypsin into the intestinal lumen. However, total trypsin and chymotrypsin activities tended to be lower in the weaned pigs than in SOW pigs, even though the weaned pigs had greater growth of the pancreas.
Exp. 2 was designed to monitor more closely the changes in enzyme activities that were observed between 16 and 22 d of age in sow-reared pigs in Exp. 1. The effects of age on body weight, gastric pH and other organ measurements were similar to those observed in Exp. 1. Trypsin and chymotrypsin activities in both pancreas and intestinal contents displayed patterns of development from 2 to 3 wk of age similar to those observed in Exp. 1. The pattern of gastric proteolytic development in Exp. 2 was different from that in Exp. 1. This finding may be due in part to large variations among the animals and litters in these studies.
Our results demonstrate that the development of digestive capacity in the young pig undergoes dramatic changes from birth to 3 wk of age, with the greatest changes occurring between 2 and 3 wk. It is not fully understood what effect these changes have on weaning and postweaning performance. These results may account for some of the suboptimal performance obtained with conventional 3-wk weaning programs. The large changes in digestive physiology that are taking place at this time may make early-weaned pigs prime candidates for poor postweaning performance. The relationships between changes in digestive enzyme capacity and nutrient digestibility, pig performance, rearing regimen and weaning system all need further investigation.
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